The Adventures of 

ARCHIBALD HIGGINS 

RUN. ROBOT. RUN 

Jean-Pierre Petit 












The Association Knowledge without Borders, founded and chaired by Professor Jean-Pierre 
Petit, astrophysicist, aims at spreading scientific and technical knowledge in as many 
countries as possible and in as many languages as possible. To this end, all his popular 
scientific works, which cover a period of thirty years, and more particularly the illustrated 
albums he has created, are now freely accessible. Anyone is now free to duplicate the present 
file, either in digital form or in the form of printed copies and circulate these copies to 
libraries , within the context of schools or universities or associations whose aims would be 
the same as the association , provided that they do not derive any profit from this circulation 
and that they do not have any political, sectarian or confessional connotations. These pdf files 
may also be put on line in the computer networks of school and university libraries. 



Jean-Pierre Petit intends to create numerous other works which will be accessible to a larger 
audience. Even illiterate people will be able to read them because the written parts will 
“speak” when the readers click on them. Thus it will be possible to use these works to support 
literacy schemes. Other albums will be "bilingual" in so far as it will be possible to switch 
from one language to another selected language with a mere click. Hence another tool made 
available to develop language skills. 

Jean-Pierre Petit was born in 1937. He made his career in French research. He worked as a 
plasma physicist, he directed a computer science centre, he has created softwares, he has 
published hundreds of articles in scientific magazines, dealing with subjects ranging from 
fluid mechanics to theoretical cosmology. He has published about thirty books which have 
been translated in numerous languages. 


The association can be contacted on the following internet site: 

http://savoir-sans-frontieres.com 
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WH/Vf DO \ 

you m tt**y 




You'vS turned my uv/f^C. £oom > 
in^To a- dABo^o^Y ACA/aJ. 

X don't understand Hau) you always 

AlANft^ T~C> tofitKe SlKtf A SH/WBl£S! 






PROGRAMMABLE 

AUTOMATA 




Iv/e CONVERTED IT WfOA s. 

PROGRAMMABLE. CLEANER. ^ 

/ — - 

/ Here 's the famous investor. umth His 
PR-o^RArAmABLe Auto-vac. He is to 

demonstrate his brainchild. See houj he 

^SEfS IT IN MOTION AND STEERS IT WITH THESE LEVERS . 



S' 

iHe JOB DOWEy HE DIRECTS »T TO THfc 
Fuel- Cell KePoujERifOG* Module... 


IN 


Sure , BurT 

uuhv bothfr.' 


CH ARqee 

J-2 volts 


© © 



k//KCH CL 05 Eiy 


ALL toiLL Be 


Re VBA L6J>. X 


DfTP££$5 -THIS 







. • RtAI>V TO EXPLOIT 

it5 reusable capacity 


/|WD MY TURTLE \ 

RETRACES EXACTLY THE SAME 
PATH, STEER.IWG) BETtVeeW 
-THE FUR.N\TURE ... , 


luJs 


V* 


5 =w(!l 










. To PfPOS/'f THE OV 5 f 
IbJ 'THE' SAME -TRAY . . . 




RETURNING* 

finally -to <H e 

REF UFUNGv DEPOT. 




manual controls 


RECHARGING TERmiKALS 


ESM 




'BATfgRy 


tJFIM— 


kiSMSfc' 


punched -tape 


Suc-tioki 

Motor. 


k)H£N I OPERATED THE WHEEL 

-TURTLE MANUALLY, THIS ^ 

TAPE L/NuUOUNO AT A STEADY RATE. 
The com/viands that i save it 
UJERE WRITTEN ON TO THE TAPE /N 

the form of punched holes. 


/ndependenTly controlled 

WHEELS, FoRwARD/REVERsC 


FREE-RUNNtNfi ! 
REAR dHEEL- 


s^So THE STEPS INVOLVED IN 
the: JO 8 WERE AU- 

roeffioRizEf) ^ 




UJhen -the turtlp re-turns FoR 
refueling,, the tape reminds. 



¥ 1 


NOlO yOU CAN MAKE IT U)ORK THE 
0 THSR uXAY ROUND; THE TURTLE REAPS THE 
INSTRUCTIONS ON -THE TA ? E AfUb CARRIES 
them out . "Br.il liant } 


X POUND If Iisl fHE MECHANISM 0 F AN 
OLD PLAyeR- P'ANO. 


tAjHERE C>ID 
<^FT THAT ? 




! 9 






"fH£ D<NINJ<S-RooM 
Vacuum Stakes t 

THIRD RACE ! 


The flag , is 
RAISED ... fNey'RP 
^ OFF > - 


Oh oh, 

oesfRucrioN on -the 

TRACK ' DOOR OUT 


let's take a stroll. 

<HE TURTLE can) LOOK AFTER 
•fHIMRS FOR AWHILE 




HiaaiN s- 1 hope 

you know wHAT 
you'RE DoiNQ. y 



<HG MARvelS OF MOPGfLK) 
forensic. science allow us < 

Reconstruct tn £ sequence 
°f events.. . 



/All had <^owe well until the 
turtle mad encountered the TAIL 
OF A SLEEPING CAT - AN EVENTUALITY 
MOT PROVIDED FOR IN ITS pRoszm-... 




... AND HAD SUCCEEDED IN INVESTING 
THE OBSTACLE UP TO ITS MID- POINT. 


, X ' Jt 


"YJOOOAAAOOOOIa/^ 


O <r% ^ 







Du£lin)$ the emsu/mq pam ic, ' r H£ cat draped 

THe VACUUM- CLEARER, turtle THE tEAJ^TH OF 

tke apartmemt / causiwCj a cekTAt\j amount 

— Of INCIDENTAL r>AMA^E. 




Tit*- BERR.R 1 


<H6 BM’fERV x - 
AciP HAS SP-ILf 
AMD EATENJ HOLES 
/nj THE PU$ . y 





PfFF-f 


'CLIP 


HI 





'The cat left a message. 



"X'm wot STAy/ws A 
• a ioment low^e/l -this 

WOTHOUSt. Dow'r COUNT ON AT£ 
^ CATC ^ *>uft Alice. ^ooi»eye 
And Gf ood Riddance. '' 


INPUT-OUTPUT 
SYSTEMS 

Woio WO you THINK IT COULD er /( gTeLu^ewr ? 
you SAV? IT WO iwAy OF KNOWING lyHAT LUAS Go/NG, 

ON A&OUNO IT j 



i THOUGHT my TURTLE WAS 
iNTELLtqeNr, but nolo X see How 
OUA1B IT WAS. 



You're right. Xne turtle needs to "see" 

WHERE IT’S GOING. THIS (5 A T?Ny PHOTOCELL. 

sensitive to INFRARED light - that is, 
thermal Radiation), 



-a 





i'll use * pew hundred photocells to bu/ld 
a rudimentary "eye, * rather uke the imfrared- 
sEHsttive "eyes* that snakcs have on either 
SIDE OF -THE Nose. 


PUPIL 



retina 


INFRARED 

CELLS 


t-V 

J ' 


PuFlL 







Visual 

ima^f 


TNF/RAReD 
(MAS r 



— ^fHg Tiled floor, of the apartment 

IS COLD. IF X ARRANGE FfcR T Hf TURTL6 TO 
TAKE THAT AS ITS ZERO- LEVEL FOR TeMPeRATURE, 
it toiiL see Trie floor as a black / 

BACKGROUND. . — ^ 



Wallpapfr's A BIT 

WARMER, 50 THE WALLS WILL 
appear To Be "$Rey. * 



Visual field 





The image" in the 

BUBBLE has BEEN \ 

STRAlG,HTeHEP OUT to keep 
TH£ EXPLANATION SIMPLE. V 


The VISUAL f I ELD 0 FTHE TURTLE IS A CONE. 



HIGH OR. 

fAH 



Mhat ths turtle 
Actua L ty detects is 
the Angle ©eftoeeM 
rue direction of the 

OBJECT A»* l M(S 


Edq e of the 
Coroe op vision) 


OBJECT 


R I^Hf 


OPT CA L 

Axis 


ELEVATION) 


^ j /"Each infrared ceu_ 

/ j CORRESPONDS TO A R€(q ION) 

^ [LOW OR HeARJ / ONE DECREE SQUARE! THIS IS 

" • L — tub resol v/mg power 

— - — OF^THeoPTlCAL SYSTEM. THE (MA^E IS 
DIGITIZED, NHICH means that it's converted to 
A C) RID OF T/NY SSMARBS, WHICH ARE E/THER. 
biack unite, or grey. 


/\‘VB CHUCKED OUT THE OLD PROGRAM, Na0 

Azimuth 0 q 0 iN^ to qive the tuirtle a simple REFLEX 

t--- WHICH WILL LET IT AVOID THINGS " Xf OWE PHOTOCELL- DETECTS 

QUANTITY OF THERMAL RADIATION GREATER. THAN) SOME THRESHOLD 
value, AMD if* this source is located below) a HORIZON C that is, if the 

ELEVATION) 0 OF THE OBJECT IS LESS THAN A VALUE 0 M(N ), THEN) THF TURTLE MJ/LL 

^ — »/■ — — .make a quarter -turn to the Rj &ht. " 


Amount of heat 

RADIATION GREATER THAN 
THE THRESHOLD; AMD 
ANGLE <f) LESS THAN THE 
HORIZON VALUE < 0 M ,N • 


/WHAT H6 MEANS 
is , if -rue signal 
IS /N THE 

V SHADE 0 iOWE / 









So mou) the turtle has 
BEcom £• AN input- output 

sysrgM. 


Black BoX 




ST//V)ULUS 


ResroNse 


A BLACK BOX 

f (UHAT5 /NSiDE THE 
l BLACK BOX 7 



a PROGRAM THAT LET5 fT 
analyze w INPUT DATA Ctne 

/NFORMATION PROVIDED BY THE "RtrihJA*) M/D 

Decipp what RESPONSE MAKe: 

g KKCR C,0 51'RAl^HT AHEAD, OR MAKE A 
quarter-turn/ 


output: 
control of 
« , osHeeLS 

■ j 

SZ 2 T 


This time the' famous inventor u/ill really clean/ up ! M/s turtle 

y u/ILL AVOID THE WALLS, AND ALSO THE FURNITURE, BECAUSE THey'RG WARM&R 

THAN THE TILGD FLOOR. 


(Sr rat ! xVe cracked if 1 , it 5 

All PERFECTLY S/MPIjE, AND Nok) X 
CAN STOP UJORfty/NQ . 




/^T(Re5lA5 15 A COLD-6lOOPgD CREATURe, AMD HIS FOOT MAKES G,OOD 'THERMAL > 
CXJMfACf uJ t fH THE FLOOR. . To CUT A LOMC-i MoR-V SHORT, HE HA5 -THE SAME 
•T6 MpERAfDRE AS THE FLOOR, SO AS FAR AS THE TURTLE IS COfOLE R.KJ6 D . . • He's 'MViSiSteL 



Yes ... it'd be more logical -to Have it make a left turm /kJstead 

SIGNAL ANALYSIS . 



But hoiv? 





Retima 



© 


OLD PROGRAM: Program; 

If a iOARrf\ c&recf A >^arm object 

APPEARS iM THE SHADED '* 5gCf ° R ^ 

ZOME, MAKE A < ^ A ^ UAR TEE TU«W 

To 1 WB RI<^KT. iF /N) 

Quarter turm to secyor. B y make a 

The ri^hT. | Quarter -yurm to the left. 


^16 



i nfg 




Sector A 


Sophie. t 3L think X can improve -the v/av the turtl e 
responds ro the signals received By its infrared eye. 

t ip -TH/5 IS AKj OBTCCT /N ITS F/Et-D OF VISION 1 J ALU X HAvff 

, -ro do is count the number of cells /m sector. A 
3 (NEAR and left) AMD COMPARE W |fH THE MWMBP/2. IN 
V ^ (WEAR. AMD R.ighO. 


SECTOR B 


Move to 

the right 


mmt* 


Move to 
the left 


You CAN ALSO AU.OU/ FOR THE TURTLE 
passing figTiJECAj -Things. 









T HAV& <0 t>0 IS cvf SO MS Pisces OFF 'THE 

■noo sectors A amp B cm the rethua. 


A B 


Jo ' 


K 


RESPONSE TIME 

Ths MftiM point about machines is that the/X 
CAM e,er i-H/kje,s DONS QUlCKL»y ) 




i'll. Tu£M IT UP TO THE 7 HIGHEST SPEBb. 

That way, the cue ami mc, cuiu. be dome ,m 


RECOUP Tirf\E. 




On mo, it's do/n)^ it aim 





H8 




AR.CHI ^ ) l ' r5 ^ooD EXPECTihk* a 

MACHINE <0 Jt€ACf '^S'fAfJI'AUEOOSL.y. B €TtOEBM 
fHB iMPOr ANP THe OUTPur you MUST ALL OlO A 
RESPONSE 'T’fMfT WH/cH 15 CHA RAcTgRisT/c OF 
•me sysfEM. 


X<s youR ojajn) Resrotose fime that prevents you from cA-rcMf^ 

•fHIS BIU- WHEW i tEf If DROP. 




SERVOMECHANISMS 


/^IUhCkJ 


'fHt BftiYeR.y starts -ro Go plat, <He vouta^e across it’s terminals 

DROPS. #5 £A5y *fO AC>£> TO THS PROGRAM SOME'frt'NIG UKE: 

|P THE VOLTAGE BECOMES LOWER iXAN... So rrmNV 

VOLfS, 

TH£NJ GO AnD G,ET CHAeqgD UP A^AloJ. 

■Bv-T "THE PRO0LE-M IS : HOuJ DO you GUIDE THE *f URTL.E TO TH& Ri^Ht PLACE f 



f WHILE I'M WMTINS FOE. IWSPIRflTlOfj, 1'U. ITORE A uNlf 
( THAT RECHAR£,E5 ITSELF U£lN<* solar. PANELS. 


2o 




<H6 fURfLC DOesrvlV HAVE <0 fHlNK. OF fH£ COIL, A5 Akj OBSTACLE, you KMoW. 

i»Jhv po^’-r you "place if up hi^h, -to act as a BCACoM P 


COU»; MEAf SOURCE 





0?<KAL^. 



wiow 


War ywe 'gA-riN ' COIL SHOWS up 
/n secfoR. G, J Af -the fop o' -rue 
H’eyeBALL, Heyg up, ytR. MiQHf s«y 


Mow If 5 EASY fo — — 

<H6 : IF ** C^ e N rne wn«, Mus Etwi v 50 

FKhcp" S WR <rHe COIL ■ ^h&rg AFe rujo PosS/B/Lif/eS. 

E -nyp coil is already ,m field of vision, and the fuKfue 

can co AFTER, if; OR. If Is MOf / IN WHICH CASE f Ht - f U RU€ sY GPS A(nJD 
REVOLVES, U/OflLfue BEACoW Appears. 






r /As SOON As H'HE TARG,£.f COMES /Mfo Vl£l0, THE fURTL£ 
^CAr>j home ipJ on IT By FALLOWING* THIS PRO^RAIA; 

'fbRN fOWARDS tHB fARQEf", l,y AN AwourOf 

PRoPoRfloNAL fO fHE" AN^uLA-C DEVlAfioW $ BEfWgfeW 
fHE -TARGET AND fHfc CURREWf" DIRECTION of AAofloN . 

<his is a LINEAR sERVOMECHANIS/A. 

^5nal y_ _J plii Signal 

fO Rl^Kf *-*• <p '. / £ 4-1 \ fO LEFf 



-Turn fo -the kjc, Hf 


'Turn fo the left 








A CYBSWAN'THfcOPoiD. 



X AD3US1" <Hg MOTION OF MV PgWCfL 
AccopD/N& TO TWfc OBSFfcvgD gftRoR.. 



r °sp 


- 4 

--tV'" 5 


N)ow ; more quick cyj 


UMfS HAPPeNlNG? 



4m f\ FIRST ORDER SYSTEM, thf output commands act > 

XXRBCTLV ON TH£ SPEED . (WITHOUT ANY /NERT/A . THERE ARg 
NO OSUU.AT10N5 • 

In A SECOND ORDER SYSTEM, thg output commands act 
ON THE A-CCCLglRATlQN BY LUAV OF A Force. TneRtiA 

LEADS "TO OSC/LLAToNS. >/ 






Humans 4RP S£<-OMP OR-DPR SYSTEMS- A §OOt> EXAMPLE" OF A- F/R5T 
ORDER '5 <4 C.ISTEFM . 

TrtE S?£ZT> FT uMlChf uOATER. PUSES IS PRoFoRrioMAL <6 
<Hg DIFFBRFSiCjE FROM ITS FIKJFL POSITION . 




Wiv A FIRST h'ORDFR CISteRhJ, 

THE uOATFR. DON'T W6B6L? J 



At least, that's the tub opy. But /m thc 

PHYSICAL MATURE OF THIa)C\S y THFF&'s ALMJh'jS SOME 
/NEFTiA PRESENT) AMD IF you PUSH A BIT TOO HARD, IT 

up. Such a system seems -to be first order, but 

ReALX-y ,v. SECOND ORDER. 

CSptti) T”" 71 /-// \\ ' 7 J\~Z. 


SHOUjS 


O: 





FIRST ORDER- 








r w 


o 




SECON] 




SopHie, Lewwy I'He Pelicam says I'm so slolo rwftr 

im i^S€K)SJTIV/6 ID /M6RT/A, ANP l 'll NEVER. MORE 
than a nyfRe first order system. 





CONTROL AND 
HOMEOSTATIC SYSTEMS 


Buf fOou) let's tflk, tu£tle, 




'nRCHie'S idea is £eAu_y 

QUITE CUEVeie, Ins ELECTRIC TREE — 

THE "PoiOER PlAMT"- < 3 £NE RATES a FLOOD OF CURRENT* BETWEEN TLXf 
CIRCULAR. ELECTRODES . THESE THE TURTLES LOHEELS, COATED /M COPPER 

to ensure qooD contact. Owe the back ounce*- m/wes contact ujith the 
AN0D6 AND THE FRoNT WHEELS urTH THE CATHODE, TH6 TURTLE STOPS 
AMD R€ CHAFES IT5 ^>ATTeR.y. WhenJ it's FULLY CHARGED, ^6 TURTlG 
TURNS feouND AMD UMND6BS OFF A£,A/N, RgfUE LED. As LONG AS T 
CHARGi £ tio THE BfflTERV IS 'R^AsoNAgLY lARGR , THE- TURTLE IGMoiCES 


THE Po MER. 



PLANT, AMD ITS (^UID/MC, HOT WIRE, COMPLETE LX 



/'you do just THe s - you stop 

^ ZPfT WH6N TH6 PCCSSURe ON THE 
WALL OF yoOR. STOMACH DROPS Be L0U> A 
TWResHoLD VALU€- 


Me... I ? 




StomACHS ioork. stust 

uKe cistetMS, 


Yoo mean, cisreeNs work tost 

UK6 Stomachs. 


-frtest X 

> PH|Lj_ysoFicXL6 ' 

H'ARquMf.MT S CAM CyCT 
OUIT6 Dise,05-f((0 ’ 

\ AT riMCS S' 


Systems U«e THgSe TRY TO MAinJTA/N -tHeiR DEFINING PAPAMereSS 
in eettoeeM a miNimac and maximal vAu^e. 



£ see. So WHEN X CAT OR DRINK, 1m ATTCMPT/NSy 

to maintain -rwe quantities oF solars and salts in) 
my BODY, BervogfeN minimal AND maximal. vftuje 5. 






Any oerecmBUc ch^nse in its state 

HZorrt THE NORMAL VALUES DISTURBS 
THE NATURAL BALANCE. 



^rov defect in t H e natural 

BODY- AI2/AOR- TDPlQ^ecS OFF CELL" 

division abound the gd<$es of 

THE CUT. 


'The 5£ou>th of skho 
cells is IKJH !B»T£X> 

By contact, 






■ <0 Q - 


^6 GRou)TH 15 
INHIBITED oNC£ contact IS 
reestablish e£>. 




ZB 



TH£ MeCH * NJISM STOPS TOO SLOWLY, 
SCAR U>ILL BULKS'. 


MAR lOOt 

I 'P 

V6R rmARiN 1 . 


f Sophia told me -to <$>et Rio of all. 
thc mice ? iaj the House. XVi $0^6 


Tt> CATCH THeM. 


-,P l '\ > k > H* v M_ 

-i$p - f | 

• •* •*.!.- - i ''X, , "'?Y>%V *V ".'•^:k .. - S * '&•*&* 




f X-Ve givgm my turtle N 

l A PRCPATJOfU ARm AWO A 
Pursuit System^ all osWGi 
the uofrargd eve. 

Mice APe kMRM- &LOO i>£Dt 161* ) 



Xt's A mATTER OF THRESHOLDS A^AIH. 'THE FLOOR. 
is biacR , THE wAU-S AMD TH€Se BovJLlM^ PiWS AR6 

&1WY AND -rue ««* WHire ' All 1 H ' ,ue TO D0 ,s 

THfc- TOtn* TO CMA£€ AFUER. ANY Bfcl^HT 

OBJECT c except ho sfctoR. G\ / which 15 Reseeueo 
FOR THe HOT Wi*6 BEAcoM oW THE POtUeE- PlAMT), 





ARCH IBALDDW! 



0 , 0 ' 
/ - / 



Oh iwy lor-d — it cawV teu. 

IWe D\FFCREk)C€ 8GtiOE€kj A mouse 
Am D a cup of IVARW C0FFF6, 


Will you mAKG it let 
of my CUP - OR. DHAT's LBfT 
of it T 




^do voo\ 


^ ^5 THE SAME 
PROBLEM fH Af SNAKES 
HRV6 uJHEM THGy <^o 
HukjT/M^ AT KHG,HT, 









^K) 0 T Otld TH«T - THE TURTLE UJ 1 LL QtT ^ 

CoplFlISEP B£TWEt>i A fOEARBy BowUKI^ p/N AkJD A 
DISTANT PAOUSC (THE IKJTElOsrry OP RADIATION* varies 
as - me inverse square or thc distance). ^ 

r"T JRT UE^LTsHQRTSIC^TgT^ 



Amd “C hope you realize that u**em 

WlMTgR comes THE TUR.TL& ullUL ALmoST 

QUMD. 

^ . — - — ”* 



UJny ? 


IaJe'RE HAVING A H£Ar u)AU&. AT THE ^aomCMTj 



il 


I A stopped, 
utterly, 


You could TRy noAiciU^ 
If KtBeRMATe. 


X P 3«y THE AK)5D€-R IS to rnAK6 
THE Tuft-TLE 1?eCOQN)ll£ FORMS of 
OBJECTS t SO THAT IT CAM IDEf^Tl FY T+feM. 


CR.vPFS y IF ye*. (aOMO TElt TEACH IT TER. 

RecxeRMiie SHAPES, wny not teach it ter. 
BLINR.IM' ■R€AD while yet at it? 





PATTERN 

RECOGNITION 



<HlS RESOLUTION TV CAMERA hjilL. BE 

AM IMPROVEMENT OM "THAT IMFRaREP 6V6- 



Each shape that comes /njtd 

the CAmgftA'S VlgiO CAN &£ THOUGHT 0 F 
AS A 3gf Of POINTS, OR. “tlMV CELtS OJlfH 

^IJ coordinates x and y HoRi^oNfAuy 
And ve uric ally. 



We’lL HAVE TO START By MAKING THE MACHINE 

MfcMoRlZg ^>me BASIC FOR/nS. 



33 




fok. /MSTANce, rue 

lerreRs of the alpha B er 




y wR - x sees v^ofcMA mean. -Th 6 kj ter. shoujs the machine 
AHuweiz LE~rre&, it co^paees ir t-ufv rne ones h’/t oRteewy 


kMooOi . 



UJHICH BOILS P0U)M TO SOPeR-lMposIL)^ TH G W6W 
l<i,rgt4L oN THE ME(qfrTlVE OF THG o£«$<aml. 


SI^NlAL KnJOiON SI^^L 



EXACT AGj^E/AeNJf 



To B € PR&C (S£, 'FH/njK OF TH£ SI^WAL AS A SET OF VALUES CO o£ ±') 
ASSIGNED TO TNe COOjtDl^miS C£t LsC*,y). Th& 0NJ-30 A£D COAAPUT6E. 
CAN cooler THF TOTAL NUmBEZ OF CoiNClD€MC€S OR ^oM-COf/OC I PENCES. 



05 K i*M* 


CoiDCI&gtVCES: *4 cA$€S‘ 

NonBeR OF CGLLS /W SIGNAL* 7. 

Faction) of co;ncjd€Mces: 4/7. 


yuK., BOT rule's A SNA$, MAI'S 1 . ^ 

y&IL TUR^te CAM ONLY K£C< 6 RN)I 1 £ A letter 

w 0 r's M'exActLy umfi> tip proper - AWD 

THB R.l<^Hr PISTAMC6 AtdAf. / 
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e CCNTEfc 


NOW, suppose SOM 6 SHAPE £MTEfc$ T ns 
FIELD OF VISION, 


- <^ x f 5t*Ai<SHr *ujAy, uos mAxe the machine compute THe 
JU ceNteR of ^fcAviTy <Sj_ of *r^e paa.t that it sees. 


t<Vx 


<hcn it moves the a>**z* 
*ro au$n the optical axis 

WITH G« . 







I r's DOME 'TH*T I MhCHMB R£CoMPOT€S -THE POSITION) Qj. 

OF TH* CtKJfeR. OF CjftFVlTy OFTHEWEtO trr\^6, *KID R6C6WTEES ITSetF 
OKI 'I'H&T. . . 


which lets ir Howe ibi PEo^RessivELy 

OKI TH£ OBrtCT. 


9 




/ "5ur wo*r >^aht ^ 

«T*€ PROBLEM OF F»K)DIW' 
tm RiQHT pistawce? 


on-board computer cakJ *dr*w is/ copies' of the imfes , €kila£$ej> 

OR REDUCED *, I I I [~Z I tt^ I YT\VI fTT 









AtJO CAWMje GACH OF rue se M fH ITS RCPERTDIRE of SmwZ>A££ 

symtoLS held /m mc/noRX 


Gosh iri 






Ha ucj ow- 



you DON’T NEED To So 'THROUGH ALL -THIS MAGNIFICATION 
LAR.K. SEEN F«om A DISTANCE , A SHAPe IS S’UST A SOfcT OF 

BLOB. Its imase mot owuy has a center of sravitv — 

IT ALSO HAS AM ftPPftR EKJT ‘DlAfflETgg . ^ 


/^How^Re~yoO qoi n$ to work ov/r thb D»AmereR?J) 


^Xldok at all the points N\ that make up the imac,e, and X t©*n v 

EACH OWE THC CEMTelt OF ^AAVlTy £j , X ADD OP ALL THg LENGTHS C^M 
AMO DM106 BY THE TOTAL MuoAfiEE. OF POINTS. XL §ET AW AV6tA^6 V/AU/6 R, 
AND I SAV THAT !>■ ZR IS A MEASURE OF THE APPARENT DIAMETER 
■v OF TH6 1/rtA^g. _^___ ^ 



Instead of memorizing the s/mbols ANy old toAY > X arrange 

FOR EACH TO HAVE THST SAME CENTER OF GRAVITY (SAV *$*0, V* * O) 
AND THE SAME APPARENT DIAMETER. D-d, ^ 






'SN OTHER WCRDV 

you CENTER, and 

. FOCUS THE SHAPfiy 
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WeVg ALK6ADV HOW <HB Tuft.n.6 CAM AotOMAncALLV ALI^W 

Its optical AXIS with -me cewrse c* ^IIIAVITV. Sf CAM AlSO comPur® 
THE APPAAewr T>l AitlETCR 2> OF TtfS iroA^E. XP TWlS IS MOT* g«UAL TO 

1 -fHP OAMCRA CAW 2.00AA JW OR OUT llNflL IT* IS. 

) ___^ 



\ B <1/ 

° 0 O (fa> FAIL 



£<pahd 



m 



l^=7>l 



CaHTZtcr 
-fHe irrA&g 


Uh -uH . . • 

tbO NftA A H OLi . 


/llL. If HAS To PC MOW IS Rum THROUGH THE SHAPES IM its rr\ir* ofcV, 
To see which owe frrs scsf. 




A7 4Ja O 



Bur it's also Possible fun ixe n?Tr*e ro ee 'ROTATED. 

<HCW you. HAVE TO IMAK6 copies OF 
eACH ima§e you want fb test, rotate 
FROM 0 ° <0 340 °. 





iF us yooM«u$ BSin's did ir that way, we'd 
N6VBR work aut wo r we wui loorhu’ at ] 
lr*p take DOWKeY* YEAftS ter. Dgooe! 


WyTH only owe MltftaPROC8SSOfc - THAT is, small 
cc/aPutcr — yes. 3v>f what would you say to A system 

l /V\AP€ up OF THOUSANDS of INDEPENDENT micro PROCESSORS 
SIMULTANEOUSLY ? 




Ao 




A lwiuc, cetAfoee- * Humsw beiM 6, s*y - has spcnt n lo< 
oF-nme leaojiu^ h<*j -to Recc*,wae potms, As you ae*i> -rnes€ 

u>oiU>S, youc. BRAf^, Processing iMfoR/nG-fioM Receiver "By youX 

gyrs, is as roujeitFuL as 10,000 MicnoreocEssoes too*K/Nj<$ 

s/Mutr/weousLy im fantueL, 




tomai Boast £5 

wv i«»mp 


BASICALLY, ir'5 AwAZUOC 
-THAT lO£ TH/MK- OF OOfcSELVES As 
a SKiQU tzeAfufiE at all. 


pAc-tuauV/ rMrzw Reco^i-noN is am extREMeiy comicA-reo ?eoBt£M. 
\^A^Afr we've SHoioM y6U IS JUST A *OU<5H OUIL/ME. 
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-rfle<ufcri£ cam bead ue-rre*s, k cam also pvt 
'TD€,6i'H€C. -ro R6CO(^KjlZe WO#J>S, oft SENTENCES. 


>AfN/£E£ 


’* s Sr 



NoM < HiS »s aw 

«Jf6l?€3rTlWfi» 

CXP€HWEWr, 


foosrij if '5 swowwsi 






Kgfecs the txffc« -we 
-rue -ruAtLe sees ir 
* T a ^iuem ^omoor 





NOiSE 


£ach is w5<ottei> by Bacxq&ounD MOISE, 

~T ~T H€R6 's CUE WlAi dOO^o ^teEMlMT IS/sjV R€AUY 
\ KJSC6S6Afbl TO B6 ABLE <0 £6Co^N)'2.€ A SIGNAL. 




Noise Nono<TH5rAK/D/fO<5 # these si^wals 

ARE PERFECTLY clear, AND Dl51’/h)QUISHfiBl £ , 


'•The ASPEEM g*JT x 
is wo more thaw T5% 


•»: ’ 




H CAMV 1t€eo$Hizc 
A 'THlKlQ K/oco! > 



”8uf... suppose you TA<e 
SeVER/H. ima^bs op r He SAME 

. N<>isy OBJECT. 




X Ml$HT PoiWT 

OUT THAT SUJCE 
gj* HAVf. 'TWO 

CitSy wuE A t'*AV5 

U>6*K u><TH TUX 
v ihia^is AN/UUA'* 






IMAGE PROCESSING 


Bv Com&JNlMG, M IMAGES, you CAN impcovg the ^ 

cgve l of pcrccp-hon, i we "PEHECf/oAJ of ths signal. 


For instance, you can super impose 

THE** ( OR TAKC AN AVER Act). 


£ 




<HeRe ARE ALSO MORE SOPHISTICATED 
MATHEMATICAL- TECHNIQUES. 


UjHCNJ £ Hi 06 THE SIGNAL WITH my HAND, 
£ can't R6AD IT 



BUT loH€N X uoftyg 

"V ^AND to and F* 0- 
— X can ! 





sot vea drift right. Ye* ujanna fce A8ie Tgft^ 
R£CtfgfcNl26 SIGNALS NO KlATTgfc WOTs 'awmim - snow, 'ail, 'urricanes 
AN* toafNOT. h/AR- ‘THAT MEANS V€A NSgD *TFR. COMPUTE 0«i- THIS 

monkcv-aum'h ww ccmims o' pemviry 

'On o' vet pianI -ro do THAT inn ott- * M,S NOlSc . 



HfcRgS U>HAT Voo 6£T ATTgfc THE 5€-coND 
Ct€AN<^ OpeftATioN. 
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Thc eye's optical axis tumps 


0 0 RQXtA CLmMO^H. 

aroujod -rwe symaoLS e^pmcAm/, 

_JC n.oadL Cl Oul y a fc*j ze^ious A*e peecetve i> 

DlThl AMV COfcrry. 

Bur iHe BX.AIU f&cousrizucrs *thg MOST LIKELY ^es sag,e % 
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It's reasonable enough. To gather. ALL the information , Reap the 

MESSAGE COORD BY uVRPj THE <NORDS LETfER 8 / LETTER., -THE LETTER S STROKE 
0y STROKE - y ou '° NETEfL GET STARTED J ^ 

J{ i^C^RTAlN KEY FORMS i£f OS tPSNTlF/ 

rk /^\ J [ LETTERS. 


/ Looks uke there's 

MORE H’iNFERMATIDK) 
TRAM y E(L RE ALL/ NEED. 


■ TlOO ^LANCES AT THE START 
And Finish of a cUORD ARE 

USUALLY ENOUGH. 


I I 


/,* > •/". 
' v<- - 


'* V 
0 \ \ ' 



And inhaj qoes for reaping 

IS ALSO TRUE OF OTHER TYPES OF 
PERCEPTION. 



'Lf you qeT the oppression something’s not quite 

RIG,HT i THE e/E TAKES ANOTHER QUICK GLANCE 
AT -THE PROBLEM AREA . 



PERCEPTION 
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SENSORY DEPRIVATION can ha^lY 

MAHAte £« VERY S«« ACTIONS. UK e HOC, Al« UP * V* 5 * 

IF THE IDEA THAT *>* **? *** OF THE OUTS, PE uJO RO> NEEPE TO BE 

CorJS'rA'OTLY ge/UEk/£ i>- - 



Ut'Re /rJ A 
coYSTAror statF 

OF L£AW*>Gl- 


J 


^^So, loot abah'T we turtle f HW caaj 
REckfrajixE all sorts o ’ f/a/^s Quick As a Bl/ajk/m ’ flash , 

CO/nF RAtM SLBFT OR. SfJo Li j h’opsiof Mhm o/l 

h'wside aut. SO wot ? ___ — 






H'/ts Still completely STOP IP 



fW£ 0/V*~Y FifOQS /T CAkj IX) ARB kJOT YOU FOT /fiJflO (TS S/U^V 


£VT£R I /_w7 Exir) 




lookMI 


y 00 COULD Tty Wp/rOQ A RAND0W2/W§ 1 >E\J\CB To 
TH£ TURTLE'S BEHAVIOR A BIT OF VAR/FTy. 




Pi s if it Tosses> a cow 
OCCAStO/VALUy To PECIPE U>HAT 
v T» Z>c>. 




LlVittq CREATURES t>Oti'r 

BEHAVB /*j A 100 Vo Regular. 

ujay. 


X must h'adumt 1 sometimes takes it 

IKJtER. Me '64D TO DO,., WELL o%L 
SORTS o' F/ *)c< • 





INTELLIGENCE 

AND STUPiDiTY 



fit) Aislpp-t tT/M<<rp/Al 



INTELLIGENCE /s SOMETH /NQ 'THAT FLOATS ON TbP OF A SEA OF 
CONDITIONED RESPONSES AND PRECONCEIVED IDEAS. 



' DhtAT you i (E BEEN PO/NQ 
SO FAR. is ATTEMPTING TO 
REPRODUCE THE BEHAVIOR. OF 

animals higher, and higher, up 

■THE EVOLUTIONARY LADDER. 



m 


S SS?5 






Even if no human Being is Born folly equipped 

UJirH LANOfUASE OR IDEAS / EACH STARTS OUT N ITH 
A CERTAIN AMOUNT OF INNATE ABILITY, a stock OF 

pROGRAtnmeo Responses or instincts. rHE5£r 

ARE IMPRINTED ON THE MIND AT T HE T/mE OF 
CONCEPTION , DURING THE FETAL STAGE , 

AND IN THE EARLY STAGES OF LIFE. _ — 



And THAT TRANSLATES 
IN PARTICULAR INTO a 
TENDENCY TO EXPLORE AND 
TO LEARN. 



X'm Go/XJG to TEACH m/ 
TURTLE To UEAR.N . 





TRIAL- AND- ERROR 

STRATEGY 



9M>ow<r 

gAtOiNG- 

WHL/M ?! 
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1 'H€ 'CORfLZ CMJ SUFFER e*reR\eMC5S AMD Profit FROM rHZM By 
DRAu)iM<$ APPROPRIATE conclusions . 
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A MAC HfMB CAM q ATHBR- ALL $o£TS OP DATA. 



**°TAn5 
v I 9 13 - 19*^ 


f-'Z$ ^ 




:v, « *J- i«V*V >;■**.• .*;>. < 

(J* 


fop. a START, 
If ffA5 ACCF55 -TO 
<XT5l.P£ 

DATA BANKS. 


/W D if c*W Also l>s£ 

»rs oujw sense organs. 



'tr< 



-j-HMgS 








/ ft CAN/ AhlALize 7HC 

Data , an/d search for. 

cofc/?e lptuons senoeert events. 


^ TV € NOTICED THAT WHF^gVfTR. 
t Hesg funny $Rei -th/m^s start to p/lf op, \ 

/ t's Ndf tone, seFone ir starts J 


AfJD Rams rad for. my 

SHELL I 

Y~u7f/ 1 ///zi^T/li/'/ 



S' IteSe OVERALL ^ 

expediences lead the Machine 
TO coUTlNUA tty RE v/ SB 
N-^^TS LEAMtHG, 


/// ////fa 71// 


,.///// 


IWzT^ 


IM SfNGlMG 

/m -fWf RAIN , 




NOW, 'THE LAST TIME THIS POSITION OCCURRED, IT TURNED 
OUT NOT TO BE Ar €,000 IDEA To mOVE THE ROOK. 


AP»«X FROff\ that «»“, -ms name* fo«s umf we «/wie 
&£TuJ£6 V AlSAAi^E AW Ai oKpuy /rJ IA2tf. '& {J T A «- 
C**J V AMK£ Tlucri 01 FFERENcf * - * 


X'u. Tfcy moViNG, THE BISHOP. 




Oa 


k/g'u. sooaJ see .. . 





So u)Hea.e dobs i*rreuuG>&jce start 
ahd srup/piry leave off f 


THE TURiNG 


TEST 


Vohj'r Fonder that si^cb 
19 £± thf vorlp 
BACKG/AMMOri CHAMP I OPJ HAS 

&BFN a CO/flPUfEfc. 


A mATHFrriATiciArJ °uce morose s> The follom/^G test f°P- iktBlu e,enc£ : 









^klMAr UJA 5 TH6 PATE 
of rue. QerrysBvjRG, 

APPR6S5 ? 


:£ 'Think that line is 

S€RVEP ey AfATRAK, SIR. 







Huh. Another ^n 5 ' 

BLASTED ANSWER.) j 

<v ^_^machin£ ! 

A AAACHlhJE U)IU, BE CoWSlOERg^ 
iMfECW^gNT IF ITS RESPONSES 
CANNOT B€ PlS'T/tJGtUlSHEb Fl?OW\ 
•THOSE OF A HUAAAN B£IN& 

i^WHiWWyj. •v r^k ^ ’ Wk.. JA|JJS.i. a ^ -b— ■ - ■■ . ■■■ ■ I 

We Qot A LONS, U)AV TfR. 

V Co ye*r, thank G a<od J 


Sir? Sir f 
youR sueePeR ? 
NOLO UlHAT HAV£ 
X PONE f 


Hello ? 


/V 




A&ificiAl iNf etticeNce ; pwooey * 
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"tHE DHOLE I'M IMG* 
-twaddle . you'tu Mt-ve* 
conv.MCE mE fH« r * fn6Re 
cpmpweR coiu-d EVER 

equal - 




*ey j cootcH 

V6R, rofvj^oe / 


fL«r 




EeeetB£<l 


DESIST, GARRULOUS 

GASTROPOD f 


s' 

<we (?6AL DAMPER. is -THAT OME "DAY MACHINES 
(Xi ILL BEcafTig iN-reu-K^T, Bur uJe'o. LAcX -rne 
fAeNfAL equiPMEMr to Nonce. 



liRe 5iAs 



Am ePistocop 1 (*) 


(*\ fi^yA. EPI3-foMOLO^y (TH6Qfcy OF MOU*L£D$t) AND 







ARTiFiCiAL 

INTELLIGENCE... 



wsmm 





SoPMf / "YCU 1 DiD 

SAV l/UE ^ eR£ Bw LDlMG, WAOHNES 
THAT BEHAVED Ul<E UVtN& 

CREATURE .5. >5 


NO’j BUT — UKe A CAR' A 
HORS£ COMVeETS CH£MI^L ENEfc&V 
/MTO /VIOT/oaJ, AMD PROVIDES THg 

FUNCflON °r tRans Fo*1\ 



AND HOW IS IT$oii 04 

To Qff our oF THAT ? 


Ji/ST A MANNER 
OF sFEAKiri’ , H ’ARCHIE 
A CAR Di^’T look UK C 
AM 'ORSE j 








MACH/NE5 DO extend amp copy nature - X aeutve it 

X" eeueve it f 
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ujkh CYBERNETICS wd IffRJRtoAnoM SCIENCE wei/E /mi tatbd me 
CONTROL AMD PRO§fcAmrfllKlG» FurOCTiorOS of uvin^ cReAnJKes. frfe 
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<He paujeRS of DISOBEDIENCE, IMAGINATION, and KECOGNITioN 

of thc OUTSIDE WORLD 


Let's see : if -1 
pisobeV my programming* 
AND try 'THIS,.. 



The A»ury to 
EXPRESS themselves 

AMD interpret 

SYMBOLS 


This would secm to 
modify THe Pel AY/ on 
BF-noeew -rwe mfd/ova 
and -r/#e MessA<ie... 



AmoWGj THE S/^NS AND f/M/l£,ES PGRceiueo, SOME APE" DELATED tt> THE 

ooi'Sioe woeto, cm NON-SELF ; and oTHet* to fH£ SELF, •fue actual machine". 
"Thc acquisition of SELF - AtOARE NESS is the ’Bf^innimq of a CONSCIOUSNESS 

of EXISTENCE. 




uJool^athgr. 

LILACS /NJ TH€ SpR/NS, 
A<^A/N.. * 


(*) T wjDNDeR if this is /ME or NON-fr\E? 






SoOhJ MACHI*t€$ WILL BF 
ABLE to REPAIR THemilMBS, 

gerRowce, even EVOU/e 


ON -THEIR ouilsj . 



Co/WMONIC/Vff: 
WKH EACf/ OtWfR.. 


it € AS . 



Oh yeah ! 

x $or some Real 
GjROOW PRo^ms* 


CSCLOS 


A Mechanical Mbetimc, 

OF /V\«slDS. 




Hev , "Baby / mJhaddaya 

say we swap data banks 


Sit>££oS 


Wam 05 . 


MECHaMOS 










a wm tmi mi 

m a mum m, re mm 




■i. pinV Hinve 
rime <0 c>eAL wifM 

*u- OF (T, 



Wmm... Tf* Qoi/gG, Yd) CHAlO^g- 
You* DAT* ANALYSIS CARP AMD S£6 
Ip YHaY WAKes you FF€(_ Be-TTgR. 

° PEN fcCAR. FLAP. 


<Hptf's u)Hy "B»<i Momma’s H«e7- 

CHIUP . 



ridr AM0TH6E omn^f of soFtujar^ \ 

Xr's ohO-y 8eeM tioo weeks 5/Mce -the t-AST • 





:£ *TOLD you I uja5 the QuicKesr/ 

Kioto XVe caog, ht you. X’u- w*ce A 

— ( deal . you. rea me sowNerw/w^. 

\ If it's *TT?u£ X'u- let you 
ip its FALSE I'll 
KEEP you PRISONER >/ 


ML 


H/V 1 MM, t£Ts 5 g£., . . \F 

X Keep him pe/soneR, what He 
saij> / 5 -fwie, so x HAve ro 

/^r HIM so - - - 


-w.- 


L#£\ 


m 


-^t 


P^MBoaeetAfQ) i 


* 


you khou) fo r*V wWD, rrtese - 
Finer QeNeRHttoK) robo rs, ow^ 
~A. -my or ANOfnen ... 
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AND AS foft PEOPLE ! 



UjHAf's T**AT 
(MB UP -TO NOvoT 



MA't'HOS 

SCC/AS 1"o MAVe 
<Sor fT WORRIED- 





Up <HL NOa), MAfHOS HAS always WE a g,ood job. 

r-f's ALL^ys BEE* tOILL/^ TO TEU. US WHAT METHODS 

■— /r's used. — — ■ 


Blx nou), If 5 T'Ry/AJGv to PRereMO ue arg^t- 
CAPABLE OF UrtOeRSTAMOiMQ ITS ReAsoMitiG. 

_ , (^Rll DICKLUS ~^^ S ) 



— 


IAATHOS sPecfAUze s /*/ 

A/- P/MENS/OAAt L QComCTR.'/. 


w 


If uJAS str THE PROBLEM OF 
CLASSIFYING AUL POSSIBLE STRUCTURES FOR 
FOUR- PlMe^SlOK/AL SPACE- fIME (%) 


liU Particular, 

SLACK HOLES 


It) "DirvnPikl^iAKK 


^ \/ 7 /Ti fj <PA/“i£ a k.lh ✓ Af! -*r * r 


6 ? 





'tJO'f MAlrtOS SOON FoUWD IT WAS PfloRG CONVGNIGNT To APPROACH 
■rue PROBLEM IN A DIFFePewT LAM^UAGiC/ so HG CHANGE 

LAW CJl/A^GS. 


/\ CLASSIC CA5C OP 

LOGOMUTA'TKW. 




But -mew hg wgnt too par. 3 aj thp wgio law^ua^Gv 
MA'fHOS studied anz> described physical Puerto mena w tgrms of 

SIMULTANEOUS CAUSAUTy FROM FOTURe To PAST AND FROno 

Past to future. Th/pT cooRxep a lot better. 
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ir Bi£ to 'fHBin riN y miMO s. J 


<H6V POWV UKf 
-nuO'^PieRs. 



/ 5 P?AIC/n)& 
For rxiseLf, 
fHeRe's A L °f 

6 N THAT 
QAEPUS !*£ i 
. fH£ 5 £ CAYS. 


Dc^V lci" ir glitch y^auys, N 
but 8 16 M 5 AY 5 u/eVe a cl 
qor ro <q£-r ourselves 
RE fRo^ RAMMED FOR / 

BlSYMHRONICITY ^^ 

a /kiea, rnose of us 

Re peo^mmAFif. 

\f^ " 


£R 60 ^/ 




/ 4 ud /rs r^e 
SCRAP HEAP for 
thg Rest. 




"gurf P 60 PL 6 ? 



^^HEYRe A 56^1005 
PROBLeM . 5 H €5 NOT 5 oR 6 
UJHAT TO PO ABOUT TM€M 


A IjCxS)OMUTATIO/^_ 

AMOb jq HUWtNS; 

it's PIFFicueT. 





m 




EX PL 
PR.OC 
ANAL 
El NS 1 






Has riAIWOS communicateC) 
wi-rw Big Momma y erf 


I've Givev yp rRy/MQ to < 5e-r /*A/y 
SeNse oor OF Bfe Momma. 


No, x'ue cHecKeD. Auc> 

XVfe TAKEN TH€ mecAunoN 

°P &/SQ5AjM£Cr/AJA IT 






NoBopy s KHowri u)HAT Sue's Beetj About 

FOR. YEARS. 


<neRe's on i_y one" 
tm'mg, to do. 




you 40IP6 

MACHOS k '"trmofcy ? 






i Tlj fj\ 

i ; ! U\ - 



Come oaj, ^/vg we 
A HAnO. 


ro 




V,\ ; i * i 1 n h 1 1 i i 

^v-h.U I* 'Mil i 





7Z 



